NAL PROPOSAL No. 159

Scientific Spokesmen:
P. K. Malhotra
S. N. Ganguli
Tata Institute of Fundamental
Research
Homi Bhabha Road
Bombay 5, India

Study of General Features of Particle Production in

p~p Collisions at 400 and 100 GeV

S. Chaturvedi, Banvir Chaudhary, S. N. Ganguli, A. Gurtu,
P. K. Malhotra, Yash Pal, R. Raghavan, T. N. Rangaswanmy
and A. Subramanian

Bubble Chamber Group
Tata Institute of Fundamental Research
Colaba, Bombay 5, India

September 1971




Study of General Features of Particle Production in

]
.. p-p Collisions at 400 and 100 GeV

S. Chaturvedi, Banvir Chaudhary, S.N, Ganguli, A. Gurtu,
P, K. Malhotra, Yash Pal, R, Raghavan, T.N, Rangaswamy
and A, Subramaman

Bubble Chamber Group
Tata Institute of Fundamental Research’
Colaba, Bombay - 5, India

Spokesmen : Dr. P, K, Malhotra and Dr. S,N, Ganguli

Exposures : i) 50,000 pictures of 400 GeV protons, ~15 tracks/picture.
ii) 50,000 pictures of 100 GeV protons, ~15 tracks/picture,

Detector 30 mch Hydrogen Bubble Chamber with about 32 kG field
(highest possible)

In the past, the only way one could obtain information on particle
production at primaﬁry energies above a few ter;s of GeV was through the
studies carried out wii;h ;osmic-’r‘ays. Two major limitations of these
investigations have been the low fluxe‘s of primary particles and the lack
of precise knowledge of the primar}r energy. Although such studies have
led to a great deal of us‘ef.ul information,( on the basis of which general
qualitative models;-) of hi’gh‘_kenervgy ivnteracbt(:ions have béeﬁ cy,onstrucfetd, '

attempts at dynamical description of the interaction at these energies

* A proposal submitted to National Accelerator Laboratory, Batavia, USA




have been inhibited by the inherent lack of precision in cosmic.ray
experiments, It ‘is hoped that with coming into operation of the ISR
at CERN and accelerator at NAL, USA, this lack would be partly
rectified.

The operaﬁon of the ISR at CERN has already begun to yield
data on characteristics of particle production at equivalent lab energy
of 1000-1500 GeV. Considerable amount of data on p-p collisions in
the region 10-30 GeV has accumulated during the last decade or so.
There is thus a gap in the intermediate energy range. We propose to
carry out a study of p-p collisions at 400 GeV and 100 GeV and thus
partly bridge this gap. |

Very general ideas concerning the structure of hadron-hadron
collisions have been recently put forward by Feynmanz)
Likewise, Van HoVe4) has 5uggested the use of "longitudinal rapidity"
~as a variable to highlight the pionization particles. These suggestions

provide a useful framework for analysis of data. We hope to exploit

these in the study proposed here.

1. Aim of the Experiment

We propose to carry out a fairly detailed study of particle
production in p-p collisions at two energies, namely 400 GeV and 100

GeV, which differ by as much as a factor of 2 in the C, M, system,

'3
and Yang et al. *,




This should enable us also to study energy dependence of interesting
features. In order to give an indication of what we hope to achieve,

we list below some promising possibilities.

1,1 Test of Scaling Hypothesis

Recent preliminary resultss) on angular distribution of secondary
particles in the C, M, system, (350 (\79*(\900), from ISR emulsion
experiment at C, M, energy of ,lrév»: 52 GeV (equivalent lab energy of
1400 GeV) disagrees with Scaling pxedict}Lon ﬁsing the 19 GeV/cpp -» 71 +
{anything) Scandinavian Collaboration dataé), On the other hand, ISR

7] .
results of Ratner et al, ) indicate that Scaling law holds for particles

*

*
with rather large momenta in the C, M, system, for x = pL/pmax

between 0,1 and 0.3, Although some evidenceé’ 8) has been reported

in literature for the walidity of the Scaling hypothésis even at 19.30GeV/c,

we believe that these are not sufficiently sensitive tests, We propose

to test Scaling in ,a;-n unambiguous manner in the region of 100-400 GeV.
As indicated in 2 below, for both 400 GeV and 100 GeV, the

momenta of secondary particles emitted in the backward hemisphere

in the C. M. system will be low enough in the L-system to be measured

reasomably precisely, We shall therefore be able to obtain the distri-

butions of longitudinal momentum in the C, M. system, (p;:) at 400 GeV

and 100 GeV. This would enable us to test the validity of Feynman's




Scaling hypothesis at these energies, e. g., if Scaling has set in at
Lk
100 GeV one expects the absolute number of particles per unit Py, at

* .
Py, © 0 to be constant, independent of the primary energy.

1,2 Target Fragmentation

The work of Chen et al, ?) indicates the setting in of the limiting
behaviour of the target fragments3 at relatively low energies (around
20 GeV/c). However, the fact that such a limiting behaviour extends
up to energies in the range of tens cf thousands of GeV, was already
suggested in the early sixties from cosmic-ray datal); it was argued
that in the absence of such a limiting behaviour, the ratio of positive
to negative muons in cosmic-rays could not have stayed constant up to
energies of ~1000 GeV, : The nature and composition of the target
fragments was only qualitatively established. With an accelerator

exposure of the type asked for, this can obviously be done with more

precision,

1.3 Pionisation Component

One hole in the hitherto available cosmic-ray information
concerns the properties of the so-called "pionisation' process. There
is no doubt what-so-ever that majority of particles produced in high

energy interactions have relatively low energies in the C, M, system,




Whether these particles form a distinct component separated from the
fragmentation products is not definitely established. Cosmic-ray
information on this point is rather meagre.
The ISR results of Ratner et al. 7) and those of ISR emulsion
. 5) T 0, &, 0nO
experiment”’ on angular distribution in the C. M, systemn for 35°< 8 {907,
if confirmed, would lead one to believe, that created particles fall into

1,10, 11), namely, (i) the pionisation particles, those with

two groups
x £ 0,1, resulting from fireballs moving slowly in the C. M, system
(these particles would violate Scaling) and (ii) those with x >0, 1 resulting
from baryon isobars (these would exhibit Scaling behaviour). We
propos‘e to study these features at 400 GeV and 100 GeV by examining
in detail, the angular distribution, the longitudinal momentum distri-
bution and the longitudinal rapidity distribution,

The 19 GeV datalz) o» C, M, angular distribution indicates that
the effective lorentz factor of the fireball (or multi-fireballs) in the
C. M. system, Y; is close to unity ( 221, 1), The cosmic ray study of
angular distribution in p-p collisions in the energy range 70-600 GeV
~ seems to suggest (\j’j) ~ 1.5 ~ 1.6, with little variation with primary
energyls). A fit to the above mentioned preliminary ISR emulsion
results indicates B’;{, 1.5 at 1500 GeV. Thus, it appears that z’:

increases with energy at low energies and then attains some kind of

saturation at 100 GeV or so. The experiment proposed here would ‘




enable us to obtain more reliable information on this interesting

feature.

1.4 Transverse and Longitudinal Momentum Distributions

We hope to carry out a detailed study of the distributions of
transverse momentum, Prps and longitudinal momentum in the CM-
system, pz , at 400 GeV and 100 GeV. In particular, we would like
to see whether factorisation of f(py, ,p.p) into F(pp). G(pL) is a good
approximation.

Analysis of lateral distributions of cores in extensive-air-

14)

showers seems to indicate that there exist particles which have
abnormally large transverse momentum (several GeV/c). Although

study proposed here is at far lower energies, it is, nevertheless,

worth looking into these possibilities, |

1.5 Baryon-antibaryon Production

5,16)

There is evidence that at air shower energies the pioniza-
tion component or rather the particles produced with moderate energies
in the C, M. system - contain a significant fraction {(over 15%) of stable
massive particles, presumably baryon antibaryon pairs. If one assumes
that kaon production dces not increase dramatically from 30 GeV to

17 ‘
1 TeV, the analysis of emulsion data indicates strongly that baryon-

antibaryons should constitute around 20% of all created particles at




abdut 1.5 TeV primary energies. We would like to .investigate whether
the increase in the antibaryon produetion cro‘s s~section has already
set in at 100-400 GeV.

In 2 bubble chamber experiment, one can easily distinguish -
positive baryons and negative baryons (antiprotons, etc.) from positive
pions and negative pions respectively, for momenta less tha.n about
1 GeV/c, If the baryon-antibaryon production is appreciable, this study
may yield scme useful results.

The consequences of a possible copious baryon-antibarfon
production would be very interesting, For example it is conceivable
that these' cre;ated baryons are produced in various excited states with
as great a prob&ﬂﬂty as do the target baryons. If sa, the dbmina.nt
fraction of the created particles would be associated either with the
fragmentation of the colliding particles or with the fragmentation of
the created baryons and antibaryons.. Therefore we propose to examine
how often a produced antiproton is dynamically associated wnth a pion -
in other words look for isobars like -1‘\'1;; amongst the created particles,

We hope also to be able to get some information on kaon and

. . o :
hyperon production by carrying out obscrvations on X and ..

1.6 Other Information

The above gives some idea of the type of results we hope to




obtain from the experiment proposed here. In addition, this work is
expected to yield a variety of useful results, e.g. on multiplicity,

inelasticity, p-p inelastic cross-section, etc.

2. Experimental Considerations

The number of pictures requested in this proposal willyyield
nearly 20,000 inelastic events within useful volume at each of the two
primary energies.

Since p-p collision is symmetric in the CM-system, we can
get complete information on particle production by cgrrying out
measurements on particles emitted backwards in the CM-system;
these particles would have relatively low momenta in the L-system,
One can get a rough idea about the momenta of particles which would
have to be measured from the following argument. At 400 GeV, the
lorentz factor of the CM-system is 3’6 = 14,1, The median angle in
the L-system, which roughly demarks the particles emitted in the
forward and backward directions in the CM-system, is given by
Opp = tat-ll 1/ v.) =4 0°. The average momentum of a particle having
6 = 4° will be (p> = (p,> /sin 0 = 0.35/sin 4° = 5 GeV/c. Thus it
is reasonable to assume that a good majority of the particles emitted
backward in the CM-system will have momenta less than about 10 GeV/c

in the L-system.




The overall error in momentum for HBC is given to a first

approximation by the expres sion

where H is in kG, Lincm, p in GeV/c and € in microns is the random
error on a single point measurement in chamber space. Thus for 30"
chamber with 32 kG field, assuming L = 35 cm. and € = 100 pm, we
find that for a 10 GeV/c particle the error on momentum will be around
5%, which is quite acceptable for the type of analysis planned here.

Since a small percentage of particles emitted with 6*:; 180°
are expected to have @ < 4O;, we plan to carry out measurements on all
particles within 8 ¢ 4° too.

Thus, it is clear that the Qg'ocedure outlined here will enable |
us to study the CM-system characteristics of particles in p-p collisions

at 100 GeV as well as 400 GeV in a fairly reliable manner.

3. Facilities for Analysis

The Bubble Chamber Group at TIFR consists of 9 physicists,
5 of whom have had experience in analysis of bubble chamber pictures
at the University of Wisconsin, USA, (A. Subramanian and R. Raghavan,
Northwestern University, USA, (P.K. Malhotra), University of Minne-

sota, USA, (Banvir Chaudhary) and CERN, Switzerland, (S.N. Ganguli),

%
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It may also be pointed out that a majority of the nine physicists have
been active in the field of experimental high energy physics at
accelerator and/or cosmic-ray energies; for over a decade. We have
had a long tradition of work, both theoretical and experimental in the
problem of particle production at high energies. Some of the papers
written by members of the Bubble Chamber group on this subject are
listed in the Appendix,

The hardware at present consists of 3 measuring and 3 scanning
machines., These machines can handle both 35 mm and 70 mm films.
The main computational needs are met by the Institute's CDC-3600
computer, This facility is capable of processing about 50,000 events

per year,
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APPENDIX
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